SUMMARY A prospective study of the development of coronary heart disease (CHD) in men aged [45][46][47][48][49][50][51][52][53][54] was conducted in six group practices in Belfast, Northern Ireland. Of the 1343 men examined once by clinical, electrocardiographic, biochemical, and anthropometric methods, 1202 free from CHD entered the prospective study. All 1202 men were followed for at least five years and the average annual incidence of CHD during this period was estimated as 1-73% (104 men developed). Of the 28 measurements made at initial examination, four-S-T depression, total lifetime tobacco consumption, diastolic blood pressure, and height (significant on classical linear discriminant function analysis)-were investigated in more detail. Using multidimensional contingency table methods, the probability of developing CHD was found to depend, in rank order of importance, on S-T depression, total lifetime tobacco consumption, and diastolic blood pressure. The risk of development was maximal (0.3732, four times the 'random' risk) in men with S-T depression, greater than average total lifetime tobacco consumption, and a diastolic pressure of 100 mm Hg or more.
Prospective epidemiological studies make it possible to measure the influence of personal and environmental factors which precede the emergence of CHD. A number of these studies conducted mainly outside the United Kingdom have now reported, and several so-called 'risk factors' have been identified. The present study, which utilises selected general practices in Belfast, was started in 1964 at a time when few projects of this type were being attempted on a community basis in the United Kingdom. The aim of the study was to identify social and biological characteristics of middle-aged men associated with an increased risk of developing CHD. Methods
POPULATIO.N STUDIED
This comprised all men born in the 10-year period (that is, those aged 45-54 at the beginning of the study) who were registered in six group practices in Belfast. These practices were chosen because the GPs concerned were prepared to co-operate in the study and a name-age-sex register was available for each practice. Subjects were sent a letter from their GPs explaining the purpose of the study and inviting their co-operation. Non-responders were sent a second letter after a month had passed. Those who still failed to respond 23 were visited at home by MG before the subject was classed as a refusal, untraced, or unfit for examination. All the subjects were men of working age and the great majority were well and at work. This, and the fact that the examination was concerned with the heart, necessitating attendance at a health centre preferably during working hours, led to some reluctance to attend for examination and to a good many refusals. The examinations started in 1964 after a pilot study and additional practices were included up to 1968. Men born in the period 1909-18 who were examined late in the study were therefore older than those examined at the beginning and some may have died from CHD before being called for examination.
All subjects have now been followed up for at least five years and some for as long as 12 years. In this report we deal with the five-year follow-up and relate the CHD status at five years to the findings at the initial examination. Table 1 shows the derivation of the sample of 1202 men who were finally included in the five-year follow-up study. All those who at the initial examination gave a history of angina of effort" or who had had a confirmed myocardial infarction (141 in all) were excluded. All but 46 of the initial examinations and all the follow-ups were carried out by one observer (MG). (Table   1943 (100 0) 3). The according to the Registrar General's Classification of Occupations.8 The amount of physical activity of each subject was derived from information about the nature of his work, the distance walked or cycled to and from work each day, and the estimated number of leisure hours a week spent on physical activities (see Appendix).
The amount of alcohol consumed was graded as follows: Teetotal always; teetotal now; takes alcohol less often than once a week; once a week or more often but not daily; daily.
Arcus lipoides was graded into: Grade 0 = absent; Grade 1 = incomplete; Grade 2 = complete in both eyes.
An electrocardiographic examination was carried out on each subject. The standard 12 leads were recorded with the subject lying down and after a three-minute stepping exercise at a standardised work rate of 350 kg miles/min.9 All the ECGs were read by one cardiologist and coded according to the Minnesota code.°10 5 Three types of ECG abnormality were analysed in relation to the future development of CHD: Minn I 1-3 (Q/QS changes); Minn IV 1-3 (S-T depression); and Minn V 1-3 (T-wave changes).
THE FOLLOW-UP
After the initial examinations, the subsequent CHD status of the subjects was ascertained in three ways:
(a) The Registrar General of Northern Ireland was provided with a list of the names and addresses of all the subiects and notified us from time to time of deaths and causes of death of men in our sample.
(b) Each subject was sent a letter annually inquiring about any pain in the chest and, if present, its relation to exertion.
(c) MG visited the general practices periodically and examined the records of all the subjects and consulted the GP when the reply to the letter suggested the development of angina.
For subjects who had moved out of the district the names of their new GPs were obtained and inquiries sent to them.
Subjects suspected of having angina pectoris or cardiac ischaemia were referred to a medical outpatient department and diagnosed as such only on the opinion of a consultant physician. Similarly, with the exception of two sudden deaths, subjects were included in the myocardial infarction group only after they had been so diagnosed by a hospital consultant. Of the two sudden deaths ascribed to CHD, one was confirmed at necropsy, and in the case of the other, who died suddenly while on holiday in the Irish Republic, the diagnosis was based on the history.
Results

INCIDENCE OF CHD
Of the 1202 subjects judged to be free of clinical CHD at the initial examination, 27 had died of other diseases by the end of the five-year follow-up period and three men could not be traced. This left 104 men who developed CHD, 'the developers', and 1068 who remained free of it, the 'non-developers ' ( Table 7 shows the mean values of the continuous described as 'employers and managers' were more factors at the initial examination in those who The risk of developing CHD with particular combinations of these three ECG abnormalities rose from 79 (7.83%) in the 1009 men with none of these ECG changes at the initial examination to three (50%) of the six men who had all three. A hierarchical log-linear analysis of Table 9 revealed that the probability of developing CHD depended mainly on the presence of S-T depression. The expected numbers on this model are shown in brackets. There are no statistically significant departures between Table 4 ). Before the analysis the categorical variables were given an appropriate design matrix parameterisation. The resulting discriminant function, here formally equivalent to a correlated main effects model, contained only four variables: S-T depression (partial F = 11.24); total tobacco consumption (partial F = 10.45); diastolic blood pressure (partial F = 5.71); and height (partial F = 4-13). Using these four variables, the linear discriminant explained only 16-51% of the total sums of squares available for partitioning and on this criterion must be considered an inadequate predictive tool. Furthermore, it is known that possible interactions between the variables are ignored by this technique.
In order to investigate further the probability of developing CHD in the five-year period, the simultaneous distribution of the data in the four factors selected by the discriminant function analysis was subjected to hierarchical log-linear analysis. Before analysis the three continuous variables were categorised as: diastolic blood pressure <80, 80 to 99*99, 100+; height -171 cm (mean height for sample), 172+ cm; total tobacco consumption -439 (mean grams lifetime consumption/365), 440+. The severity of this categorisation merely reflects the small number of developers available for analysis.
The hypothesis that the probability of developing CHD is independent of the four factors studied was easily rejected (X2 = 52-16, df = 23, P <0.05). The model containing all possible two factor interaction terms between CHD and the other factors was found to fit the data satisfactorily (x2 = 24-65, df = 18, P >0-05) although further investigation revealed the height term to be redundant. Accordingly, Table 10 shows the conditional probabilities of developing CHD in the next five years derived from the reduced model which excludes the height by CHD interaction term.
The maximum risk of development (0.3732) occurs in men with S-T depression and above average total tobacco consumption and a diastolic blood pressure of 100+. For these men the risk of developing CHD is approximately four times greater than that noted in the study population as a whole, in which the undifferentiated, or random, risk was 8-87%. The minimum risk occurred among men with no S-T depression whose total tobacco consumption was average, or less than average, and whose diastolic pressures were less than 80. In general, the probability of development increased with the presence of S-T depression, greater than average total tobacco consumption, and rising diastolic pressure. From Table 10 it is apparent that S-T depression was the major determinant: with one exception (average or less than average total tobacco consumption and diastolic pressure <80), the conditional probabilities of development were higher-on average 2 5 times greater on a corresponding cell basis-when this ECG abnormality was present. Formal testing, based on Table 10 Estimated* conditional probabilities of development of CHD by S-T depression, total tobacco consumption, height, and diastolic blood pressure group.bmj.com on April 12, 2017 -Published by http://jech.bmj.com/ Downloaded from A prospective study of the development of coronary heart disease in a group of 1202 middle-aged men 29 the degradation of the X2 goodness-of-fit statistic, when the two factor interaction terms in the reduced model were systematically deleted, confirmed the prominence of S-T depression, and ranked total tobacco consumption before diastolic blood pressure in order of importance.
Discussion
The incidence of CHD in this study was on average 1-7% per annum, a figure similar to that of 1.5% per annum found in the Framingham study12 for men aged 45-62.
Like several other investigations,13 this one has shown that the following characteristics, considered singly, are significantly and positively associated with the risk of developing CHD: tobacco consumption, systolic and diastolic blood pressure, serum cholesterol, and certain ECG abnormalities. We also found that height was significantly and negatively associated with this risk. In general, these risk factors seldom exert mutually independent effects and using a combination of multivariate methods the probability of a CHD-free man developing the disease within five years was found to depend on only three characteristics measured at initial examination. These were S-T depression in the ECG, total lifetime tobacco consumption, and diastolic blood pressure. While the chance of development was maximal (0.3732) when these three factors assumed their uppermost values, the absolute risk of developing CHD was still small, over the period of observation. Care must be exercised when interpreting the findings of longitudinal studies. The results are conditional on the particular population studied and on the length of the follow-up period and, conceivably, different results may obtain later in this study as more CHD-free men develop the condition. Also, in this study measurements made at a single examination are related to the future development of CHD; consequently there is no evaluation of subsequent risk factor modification. It is probable that some men who would initially have satisfied the entry criteria for the prospective study had developed the condition by the time they were contacted and were therefore excluded. The actual incidence of the condition may therefore be higher than the figure reported. The relatively small numbers developing CHD precluded the simultaneous investigation of more than four risk factors by hierarchical methods, and while the adopted analytical compromise appears reasonable it cannot be considered exhaustive.
It would seem that with current knowledge the majority of cases of CHD are unpredictable. However, it could be argued that, since prediction is often based on only one initial examination, more frequent follow-up examinations for selected characteristics, together with longer periods of observation, would make possible the compilation of more accurate prognostic indices. It could also be argued that the rather poor prediction which has been found so far indicates that we have identified only some of the characteristics associated with the development of CHD, and that there must be other more significant but as yet undiscovered factors which are concerned in its aetiology.
Mary Greig, John Pemberton, Iris Hay, and Gilbert MacKenzie activities each week and the hours spent walking or cycling to and from work each week. Three miles walking or nine miles cycling were taken as equivalent to one hour of physical activity.
Under five hours leisure activity a week = 1
Five to 9 hours inclusive leisure activity a week = 2 Ten hours or more leisure activity a week = 3
The two ranks were summed to give a total activity score.
